ABSTRACT: A review of published reports on conventional and unconventional viruses, aluminum, neurotoxic metals and trace elements, neurotoxins of biological origin and immune systems, suggest that environmental factors, possibly multiple ones, play a significant role in the etiology of Alzheimer's disease. A complex interaction between genetic predisposition to this illness, natural aging processes, environmental factors over a life-time exposure and pathological alterations of the host immune system is proposed. RESUME: Maiadie d'Alzheimer: facteurs de I'environnement et les hypotheses sur I'etiologie Notre revue des rapports publics sur les virus conventionnels et non-conventionnels, l'aluminium, les metaux neurotoxiques et 616-ments rares, les neurotoxines biologiques et les systemes immunitaires, suggere que des facteurs environnementaux, possiblement multiples, jouent un role significatif dans I'etiologie de la maiadie d'Alzheimer. Une interaction complexe entre une predisposition gen6tique a cette maiadie, les mecanismes du vieillissement nature!, les facteurs environmentaux au cours de la vie et des changements pathologiques du systeme immunitaire de l'hote est propos6e.
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encephalopathies are caused by agents that have been designated as unconventional viruses. There is no evidence that AD is transmitted between humans and all attempts to transmit the disease to non-human primates have failed except in two cases. 3 Replication of these positive findings have been impossible. 4 These negative results may be due to the adaptation of an unconventional virus to human species and to low titers of viruses present in AD brain tissue. Suggestive positive evidence for the viral hypothesis is limited to two findings: i) extracts of human brains have been shown to induce neurofibrillary tangles (NFT) with paired helical filaments in vitro in human embryonic neuroblasts; 5 these results however have not been replicated; ii) some similarities between the infectious agent in scrapie and the amyloid core in senile plaques of AD patients were described by Prusiner. 6 It has also been proposed that common viruses may be involved in the etiology of neurodegenerative brain diseases and this may be associated with a particular genetic predisposition. Indeed a number of common viruses are known to cause acute infections of the central nervous system (CNS) and the peripheral nervous system (PNS), these include mumps, varicella zoster, measles, herpes simplex, rubella viruses and entero-viruses. 7 According to a review by Esiri 8 on the role of typical and atypical viruses in the etiology of AD, two pathological characteristics of AD support the hypothesis of the involvement of common viruses in this condition. The first is the localisation of NFT in the olfactory pathways and in areas of the cortex connected to those pathways suggesting the possibility of an environmental factor whose route of entry would be the nose or the nasopharynx. The second are the NFT themselves which are common to diseases caused or presumably caused by viruses. These are herpes simplex virus (HSV) encephalitis and parkinsonism occurring after encephalitis lethargica.
Studies in Humans: Epidemiological Case-Control Studies
The viral hypothesis has been examined in a number of casecontrol studies. 9 " 13 Specific questions have borne directly on antecedent infections (eg. meningitis, encephalitis, herpes infection or influenza during World War I) or indirectly by ingestion of animal brain, raw meat and raw seafood, by animal contacts (eg. pets, livestock, and wildlife), by travel in specific geographic areas, by blood transfusion and by service in the Armed Forces in the Orient or South Pacific.
The results of these studies are presented in Table 1 . Heyman et al," found an odds ratio (OR) of 3.33 (not reaching significance) for herpes zoster. Amaducci et al 9 found a significant OR for HSV type II when cases were compared to hospital controls. Shalat et al 13 have reported an OR of 3.2 for antecedent meningitis, but this OR was not statistically significant. Amaducci et al 9 found a significant OR for contact with any pet; if the pet was specified, only contact with dogs was significant. In two other studies where this information was collected, no relation was found with this type of exposure. These results are inconclusive and the hypothesis that a virus may be a causal factor has not been confirmed but cannot be ruled out on the basis of the data currently available. In the studies reported above, exposure to potential sources of viral infection has not been controlled for the area of residence (e.g. rural vs urban). In one study contact with animals, livestock in particular, was more frequent among controls; however, selection of subjects was biased, controls being more likely in rural areas compared to cases. 10 Possible explanations for the small number of significant positive associations between putative risk factors and AD in the case-control studies mentioned are: i) the information on remote events and from reports by surrogate respondants is of poor quality; ii) the search for an infectious agent was done over an inappropriate time period of life; and iii) in some instances the approach to assess potential viral infection was indirect (i.e. ingestion of raw meat). In the studies reported, information was not collected on the occurrence of common childhood infectious diseases.
Sero-epidemiological Studies of Common Viruses in AD
There are only a few studies in which viral antibody titers in cerebrospinal fluid (CSF) and serum have been measured in demented patients and compared to those in controls. High titers of HSV and cytomegalovirus (CMV) were found in cases with senile dementia and multi-infarct dementia by Lycke et al. 14 These findings however were not replicated by Lord et al 15 who showed increased titers of serum antibodies to adenovirus. These results do not relate specifically to the role of common viruses in the etiology of AD since no distinction was made between vascular and degenerative dementia.
Three studies were restricted to AD patients. Whalley et al 16 measured serum antibodies to a number of viruses and bacteria in patients with presenile dementia (n=14) but no associations were demonstrated. Similar CMV antibody titers were found in both patients and controls. High levels of CMV in the patients were correlated with having the HLA-B15 histocompatibility antigen, known to have a weak association with AD. Renvoize et al 17 studied serum antibody titers to nine infectious agents (Adenovirus, Chlamydia group B, Coxiella burnettii, CMV, HSV, Influenza A, Influenza B, measles and Mycoplasma pneumoniae). The group of subjects studied included 33 patients with a clinical diagnosis of AD and 28 non-demented patients with functional psychiatric disorders. High titers were found in AD for HSV, Influenza A, Influenza B, and measles; however, none of the differences were statistically significant.
These studies need to be replicated on cases with a diagnosis of "probable AD" according to the NINCDS-ADRDA criteria 18 and normal controls matched for age and sex.
Studies on Human Brain Tissue
During the last decade, a number of studies have been performed on human brain tissue to investigate the possible involvement of a common virus in the etiology of AD and other dementing illnesses, with particular emphasis on HSV. The results obtained in seven recent studies are summarized in Table 2 . The groups of cases consisted either of AD patients only, 7 -19 -20 of patients with dementia caused by psychiatric disorders including AD, 21 or of demented patients without specification of the cause. 22 The largest sample of AD brain specimens included 18 brains, 19 compared to the brains of five normal controls. The presence of HSV-1, measles virus, adenovirus-7 and/or a number of RNA and DNA viruses has been investigated by several research groups 20 " 24 each using one or more different techniques namely: i) molecular or solution hybridization with a reported low sensitivity of 0.1-0.5 to 76 genome-equiva-lent of virus per cell; ii) in situ hybridization, a high sensitivity technique; iii) immunohistochemistry. In combination with the solution hybridization, DNA or RNA extracts of selected regions of the brain were used for detection of viral genome. The brain regions were chosen in accordance with current knowledge of the sites where neuropathological signs of AD are predisposed to occur (e.g. the limbic system). In situ hybridization is done using brain smears or prepared slices of brain tissue.
Molecular hybridization gave negative results in attempts to identify the presence of viral genome for HSV-1. 22 A positive finding was the identification of measles nucleic acids in substantia innominata RNA from an AD case. When tissue samples of the temporal cortex were assayed for the presence of HSV surface antigens using the antibody-enzyme method, a positive reaction occurred in only one AD case. 20 Esiri, 24 on the other hand, reported positive reactions in 12 AD patients when the test material was taken from the dentate fascia of the hippocampus. Using radio-labelled HSV-1 probes for in situ hybridization, Sequiera et al 21 was able to detect the viral genome in three out of four cases with chronic psychiatric illness and in neither of two patients with acute psychiatric conditions. Walker et al 23 were unable to detect the viral genome in areas of the brain histopathologically involved in AD from confirmed cases. On the other hand they were able to demonstrate the high sensitivity of in situ hybridization since it revealed the presence of HSV-1 in the trigeminal ganglia and showed that cells with latent infection could be detected in tissue of individuals with a prior HSV infection but with no clinical signs of the disease before death.
Overall, there are conflicting results regarding the presence of HSV DNA in target areas for AD pathology, and positive findings are rare. Possible explanations may be the low titers of viruses and the difficulty of choosing appropriate brain areas for sampling specimens.
Esiri 8 has reviewed the evidence for the parallelism between HSV encephalitis and AD in terms of anatomo-pathological considerations and discussed results of studies performed on brains of AD cases and controls to uncover relations between HSV infection and AD.
A hypothesis was proposed by Ball 25 on the possible association between HSV infection and the development of AD. Based on the critical role of the limbic system in memory, on the involvement of the same region in the histopathology of AD and on anatomical considerations concerning the innervation from the trigeminal ganglion to the leptomeninges of the subfrontal and medial temporal cortex, areas known to be afflicted during acute herpes encephalitis, Ball suggested that reactivated HSV might travel centripetally through the nucleus of Meynert to cause the degenerative lesions which are common to AD and normal ageing. In the discussion on the evidence for the involvement of HSV in AD, Esiri 8 mentioned that reactivation of HSV might be caused by head trauma, a factor shown in epidemiological studies to be associated with AD.
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Studies on Animal Models
Animal studies performed to test the hypothesis of the involvement of a common virus or an unconventional virus in AD are summarized in Table 3 . The material inoculated into the animals was either a virus (i.e. HSV), brain tissue with scrapie associated fibrils or material from patients with AD or other neurodegenerative disorders including CJD. Twenty-four weeks after inoculation of HSV-1 in the footpad of 53 adult Scofield mice, the viral genome was detected in brain sections by in situ hybridization. The virus itself could not at that time be detected in tissue culture or by using immunofluorescence. 21 Brain tissue containing scrapie associated fibrils, now recognized as the scrapie agent, 26 was inoculated intracerebrally to mice. Alzheimer-like senile plaques (SP) were observed, with amyloid specific to scrapie and were attributable to the infectious agent. 27 Brain tissue from patients with diseases presumably caused by an infectious agent (i.e. CJD or Gerstmann-Straussler disease) and with neurodegenerative disorders of unknown origin was inoculated intracerebrally to rodents. When marmosets were inoculated with brain tissue from a patient with Gerstmann-Straussler syndrome, spongiform encephalopathy developed similar to what was observed following injection of brain tissue from a patient with CJD. 28 In young mice inoculated with brain tissue from three CJD patients, one patient with AD and one with Pick's disease, the lifespan was reduced significantly. The similarity of effects observed in mice with inoculum from CJD and AD would suggest that an infectious agent may be associated with AD. Mice inoculated with brain tissue from autopsied patients with multiple sclerosis or with subacute sclerosing panencephalitis had a lifespan similar to that of sham inoculated controls and no neuropathological changes were observed. 29 It has been proposed that failure to transmit AD to animals might be due to reduced infectivity in intermediate or late stages of the disease. Manuelidis et al 30 investigated the transmissibility of AD by intracerebral inoculation in hamsters of the buffy coat of blood from 11 relatives of AD patients, two of whom had mild forms of the disease. After an average incubation time of 352 days, the injected biological material of five individuals produced histologically confirmed spongiform encephalopathy.
The lesions observed were similar to those produced by experimental transmission of CJD. It appeared as if the buffy coat of blood contained a transmissible agent. The nature of the lesions observed has led the authors to suggest that some AD cases might be caused by an infectious agent and that the characteristic lesions seen in AD or in CJD would be due to host factors reacting to such agents (e.g. genetic, immunologic, hormonal and ageing). These results are important but further interpretation awaits replication by other investigators.
ALUMINUM
The first reports that neurotoxic concentrations of aluminum (Al) were present in the brains of Alzheimer patients were made by Crapper et al in 1973 31 and I976. 32 These findings have been described in at least eight different geographical areas: South East Canada, 32 East Canada and England, 33 England, 34 Central USA, 3 5 North East USA, 36 France, 37 Australia. 38 This element accumulates in chromatin of the nucleus of tangle-bearing neurons, in protein moieties of NFT, in amyloid core and cerebral ferritin. 39 High Al concentrations have been found in other neurodegenerative diseases in which NFT are a common feature (i.e., Down's syndrome (DS), Parkinsonism-dementia (PD+D), and amyotrophic lateral sclerosis (ALS)). Whether Al accumulates passively in neurons as a result of disrupted properties of the neuronal membrane, or whether it acts as a pathogenic environmental agent remains controversial. No clear relationship has been established between the known neurotoxic effects of Al and the neurodegenerative processes in AD. Neurotoxicity of Al can take place through alterations of calcium (Ca) homeostasis. The high concentration of Al observed in conjunction with high levels of Ca in ALS and PD+D in Guam, as well as the demonstration in animal models that Al-induced changes in Ca concentrations are related to disturbed electrical activity and development of encephalopathy, suggests that this mechanism might be involved in neurofibrillary degeneration. Abnormal accumulations of Al in neurons could be explained through disruption of genetically controlled mechanisms for limited uptake, detoxification and clearance of Al.
Case-control Studies
Two case-control studies have attempted to determine a relationship between AD and ingestion of aluminum through antacid medication, however, the data collected was uninformative. 9 ' 11 Odds ratios obtained through logistic regression" or through McNemar's test 9 were all inferior to 1 and not significant. Kappa statistics were used to assess the reliability of data obtained from surrogate respondants by comparing responses from non-demented controls to those from their next of kin. Heyman et al'' found good agreement for questions of drug use and dietary habits. Amaducci et al, 9 on the other hand, found very poor agreement (less than 60%) for use of antacid drugs. This approach to assess exposure to Al may thus be questionable.
Ecological Studies
In the Western Pacific, increased prevalence of ALS and PD+D were found together with elevated levels of Al in soil and drinking water as well as high levels of Mn and iron and low levels of Ca and magnesium (Mg). 40 These findings have raised the possibility that environmental exposure to neurotoxins might be of importance in the etiology of neurodegenerative disorders including AD.
Epidemiological studies performed in England 4 1 and Norway 42 have shown geographical variation in mortality rates from dementia. Significant difference in standardized mortality rate for dementia between the counties of Northumberland and Durham were found, 41 the rate being higher in Northumberland. The mortality rates were calculated from death certificates for the period 1968-1978. The natural content of water and soil as well as the use of Al in the treatment of water are suspected to be associated with these differences, however no data were available to test this hypothesis at the time of publication in 1984.
In Norway, 42 an ecological study was performed relating the mortality rates from dementia to the acidity level of precipitation in five regions in the country and to levels of Al in waterworks. Environmental exposure to Al has been increasing with the mobilization of Al from soil to water as a result of acid precipitation. 43 The mortality rates were calculated using death certificates on which dementia was listed not as the first but as one of the three other causes of death. A dose-response was found between Al content in drinking water and mortality rates from dementia.
These results can only suggest a possible relationship between environmental exposures and dementia. No distinction was made between AD and other dementias. The reliability of death certificates to establish rates of AD would be questionable since diagnoses from across the country would unlikely be standardized. A problem related to all ecological studies is the lack of information concerning personal characteristics; hence, duration of exposure in a given geographical area cannot be controlled for.
Hemodialysis and Dementia
The neurological syndrome known as dialysis encephalopathy (DE) has been described by Alfrey et al 44 in patients receiving hemodialysis for chronic renal failure. The initial manifestations are intermittent speech difficulties and changes in the EEG consisting of spike and wave complexes. After several months, the clinical manifestations consist of dyspraxia, tremor, myoclonus, loss of memory and personality changes. In the late stages, loss of speech occurs together with motor incoordination and seizure activity. Survival after the onset of the disease is six to nine months. Elevated Al levels have been found in the brain of deceased patients. Aluminum in Al-containing phosphatebinding gels was suspected of being the causative factor since duration of dialysis was related to Al content in the brain. 44 Another suspected source of Al was the water treated with Al. Indeed a relation was observed between the geographical distribution of the disease and the regional water Al content. 45 In an epidemiological analysis of DE and Al exposure, 55 patients developed the syndrome out of 1380 patients at risk from six dialysis centers in the USA. 46 The survival of these patients was reduced significantly and DE was the first cause of death. The attack rate of DE was 4% but varying from 2.2% to 14.7% across centers. Patients with DE had a significantly higher mean cumulative exposure to Al through dialysate water than other patients at risk but not afflicted with DE. It was not possible to determine a specific level of Al cumulative exposure over which patients would be more likely to develop DE. Rather, there was an important overlap of patients with and without DE when cumulative exposure was considered. If average level of exposure was taken into account, there was an increased relationship between the level of Al exposure and the time for the development of the disease. Differences in attack rates would be due to differences in distribution of Al in tissues, long term exposure to low levels of Al being related to deposition of the metal in bones. 47 The high Al content in brain of patients dying with DE appears to be concentrated in lysosomes as revealed by X-ray microanalysis. Rat brains injected systemically with Al chloride contain high levels of Al. 48 The first neuropathological investigations in patients dying with DE did not identify any NFT nor any SP characteristic of AD. 49 More recently, NFT neuronal degeneration was demonstrated in two patients with DE. 50 NFT were observed in cortical neurons of the neocortex and in the hippocampus. There were no senile plaques (SP) nor any granulovacuolar degeneration. High levels of Al were measured in tangle-bearing neurons, in whole brain and in blood. The NFT were similar to those found in experimental Al neurotoxicity studies and were therefore different from those seen in AD. The material did not stain with Congo red, was not doubly refractile and stained with antibody to the 210 000 Dalton portion of NFT polypeptides.
Occupational Exposure
No neurotoxic effects of occupational exposure to Al have been documented in groups of workers. Case reports have been published on health effects of long term exposure to Al.
For many years evidence for neurotoxic effects from occupational exposure to Al was based on a single case report. 51 This described a man who had worked for 13 years in an Al powder factory. He suffered from extensive Al fibrosis of the lung and of progressive encephalopathy associated with epileptiform seizures. The brain content of Al was 22 times higher than normal (22 x 6 ng Al/g wet wt). No SP and no NFT were seen at necropsy.
Only recently another case was reported. 52 A Japanese man who had worked for 30 years in a refining plant was admitted to hospital at age 60 with a diagnosis of dementia and Balint's syndrome. The first symptoms of dementia were noted at the age of 55 and the patient died at 65. The neuropathological examination revealed cerebral atrophy mostly in the temporal and occipital lobes. Typical NFT were seen in large numbers in the cerebral cortex, and to a lesser extent in the amygdala and nucleus of Meynert. SP of a primitive nature were present in the cerebral cortex and in the cerebellum which is not a target site in AD. Wavelength-dispersive X-ray microanalysis revealed the presence of Al in the nuclei and cytoplasm of tangle-bearing neurons.
Biological Markers of Aluminum Exposure in Man and in Animal
Hair appears to be a good indicator of Al exposure in controlled experimental studies on rabbits. Although a large variability of Al content in hair (Al-h) pre-and post-exposure to Allactate injection was present, a dose-response relationship was demonstrated in a study by Yokel. 53 Attempts to determine the Al levels in plasma or serum (Al-p or Al-s) in normal subjects is difficult. Cornells 54 has reported that Al-s was less than 10 |ag/l in a sample group from the general population. In a review of studies reporting mean levels of Al-s in normal adults, Versiek 55 found considerable variation. Mean Al-s varied from 3.72 ± 1.2 to 240 |ig/l in studies where atomic absorption spectrometry was used and from 25 to 1460 |ag/l in studies using neutron activation analysis. It was suggested that variability was attributable to contamination of biological samples with Al and possibly to real differences in background levels in the areas where studies were performed. Daily ingestion of Al-containing drugs during three days increased the Al in urine (Al-u) significantly. 56 In a large study performed in Sweden, Al in blood and in urine (Al-b and Al-u) were measured in 93 workers exposed to Al in four different types of occupations, in dialysis patients without DE and in referents. High urinary concentrations were found in dialysis patients and in some occupational groups (welding and production of Al powder). Blood levels were much higher in dialysis patients than in any other comparison group. Workers involved in the electrolytic production of Al (n=30) had comparable Al-u and Al-b to those in referents from the same areas. 57 In Italy, a small study was done on a group of seven workers among which four were exposed to Al fumes and the others to dust. Al-u was the most sensitive indicator of exposure since it distinguished exposed from non exposed workers at low levels of environmental exposure at which Al-p was non informative. Absorption from exposure to fumes was greater than to dust. 58 Sjogren et al 59 ' 60 in subsequent studies restricted to welders, identified as the most extensively exposed workers to Al, showed that duration and levels of exposure were related to Al-u during a period of typical exposure. The estimated half-time for workers exposed to Al for more than 10 years suggested that Al can be stored for long periods of time after cessation of exposure in secondary compartments before being cleared in the urine.
Attempts to demonstrate altered levels of Al in peripheral tissues have failed. In a study by Shore and Wyatt, 61 no difference was found between AD patients and controls in Al content ia CSF, serum and hair. However, these results are questionable since the study was done only on a small group of subjects, the choice of controls was not always appropriate and the measurements were not all performed in the same laboratory.
NEUROTOXIC METALS AND TRACE ELEMENTS
Neurotoxicity of lead, tin, manganese, mercury and zinc as evidenced in case reports or epidemics and as confirmed in animal studies will be reviewed in this section. The basis for their potential involvement in the pathogenesis of AD will be discussed.
Lead
Organic lead Tetraethyllead is the most common form of organic lead since it was added to gasoline in 1923. This organo compound becomes toxic in vivo after it is metabolized to triethyllead. 62 Several intoxications have been reported among petrol storage tank cleaners not protected against inhalation. 63 Symptoms resulting from organic lead poisoning are entirely due to an organic brain syndrome. Those who survive the acute phase of intoxication are believed to be free of residual disabilities. However, it has been suggested that heavy exposure may cause permanent brain damage. Cerebral atrophy and loss of neurons in the hippocampus have been observed in the brain of a gasoline sniffer with a history of hallucinations and poor memory possibly attributable to tetraethyllead. 63 Seawright et al, 64 have shown that brain lesions following administration of triethyllead in rats are not reversible as previously thought. The lesions affect segments of the hippocampus similar to those affected by trimethyltin (the toxicity of alkyltins will be discussed below). Niklowitz 65 has described NFT in rabbits intoxicated with tetraethyllead. The NFT were shown in degenerating neurons and consisted of bundles of 200 A tubules. In two out of 16 animals twisted tubules with a periodicity of 800 A could be seen. These lesions were located in hydropic degenerating pyramidal cells in the frontal cortex and the hippocampus.
Inorganic lead Inorganic lead has been responsible for lead encephalopathy occurring in children living in the slums. The source was flaking lead paint. The first signs of this syndrome are ataxia and irritability followed by convulsions or coma. Since exposure to high levels of lead are associated with encephalopathy, it has been suggested that persons with chronic exposure at low levels or those who have recovered from severe encephalopathy may be at risk for more subtle neurobehavioural disturbances and mental deterioration. Three cases were reported that would support this hypothesis: the first had survived childhood lead encephalopathy and died at 44 years of age after a period of mental deterioration. The neuropathological examination revealed changes characteristic of AD with high levels of lead in brain tissue. 66 Two other cases were reported of workers with long term occupational exposure to lead. One was
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described as demented 15 years before death. 65 In both cases neuropathological features of AD were observed at autopsy. Hence, there are some findings from case reports and animal experiments suggesting that further investigation of a possible association between organic as well as inorganic lead and AD may be justified.
Tin
Tin and its alkyl derivatives are being released in the environment due to more extensive industrial use. Clinical observation of human intoxication and experimental animal studies have shown that the trialkyltins are the most toxic tin products and that the CNS is the main target. Tin, like lead and mercury, is biomethylated in the environment to its alkyl form. As for most alkyl species of heavy metals, tin does accumulate in the environment and become biotoxic.
Spontaneous epileptic seizures have been described acutely in humans and animals following accidental exposures. The pattern of cell loss observed following TMT intoxication resembles the neuropathological changes observed in human temporal lobe epilepsy.
In a recently published chapter on the neurotoxicity of alkyltins, Walsh and DeHaven 67 reviewed the cellular neurochemical morphological and physiological effects of triethyltin (TET) and dimethyltin (DMT) as well as their effects on sensory systems and behaviour. The Work reviewed was mainly based on laboratory animal experiments. TMT intoxication is known to be associated with: i) cell loss and degeneration of neurons in the hippocampus, the brain stem and the primary sensory cortex; ii) alteration in regional concentrations of neurotransmitters (GABA and Dopamine) and increase in serotonin turnover in selected cerebral areas; iii) functional alterations of the visual, auditory and somato-sensory system; iv) persistent changes in behaviour involving motor activity, operant performance and cognitive function. Involvement of the hippocampus is observed both following acute and subacute exposure; the ultrastructural changes following TMT intoxication have been described by Bouldin et al 68 and Chang et al. 69 The potential relationship between TMT neurotoxicity and AD is tenuous and is due solely to the similarity of the cortical area involved, namely the hippocampus (see review by Walsh and DeHaven. 67 To date, according to our current knowledge, there is no data on the long term effects of human exposure to tin or to its alkyl derivatives.
Manganese
Severe manganese (Mn) intoxication has occurred in men working in Mn mines. 70 Psychiatric and neurological symptoms caused by long term exposure have been observed in several countries (Chile, Africa, India, Cuba and USA) through mining and industrial exposure. 71 This syndrome has been described as "manganese madness". A case was reported by Banta and Makesbury 72 with elevated Mn levels in several body tissues (brain, hair, serum, blood), with progressive dementia and an extrapyramidal syndrome. Brain biopsy revealed elevated numbers of NFT and SP. This case had presented with the characteristic syndrome of Mn intoxication but without any history of occupational exposure to this metal. Environmental exposure to Mn or genetic Mn metabolic dysfunction may have been responsible for the development of this intoxication.
It has been reported that miners with acute Mn intoxication have low levels of blood, CSF and tissue levels of Mn, whereas workers with chronic intoxication have high levels. 73 In a study of trace elements in the brain of 14 AD patients and of 28 controls, Mn concentrations were determined with instrumental neutron activation analysis (INAA). No significant difference in Mn content in various brain regions was revealed, the grand mean Mn concentration was 0.261 |ig/g for controls and 0.248 ng/g for AD (p>0.05). 7 i According to published literature, Mn does not appear to be related to the pathogenesis of AD. However, interests in Mn are justified primarily since elevated levels of this metal were found in the soil and drinking water in areas where neurodegenerative diseases have a high prevalence 40 and also because increasing levels of Mn are available in the environment of industrialized countries. 43 
Mercury
Organic mercury intoxication has been described by Hunter et al. 74 The clinical syndrome consists of paraesthesiae of the face and of the extremities, ataxia, incoordination and concentric constriction of visual fields. 70 Environmental exposure to methylmercury has been increasing in industrialized countries during recent decades. Through the action of bacterial microorganisms, inorganic mercury is methylated, then becomes bioavailable and may enter the food chain through fish. Chronic exposure to high levels of methylmercury through high consumption of fish caused an outbreak in Minamata in 1950 and later in Niigata. A major outbreak of organic mercury intoxication resulted from consumption of grains treated with methylmercury used as fungicide. The most important outbreak occurred in 1971-72 in Iraq where 6,000 people were admitted to hospital. In this acute intoxication, a dose-response relationship was demonstrated. 75 Chronic exposure to lower levels in populations who have a high fish consumption (e.g. Canadians living near large paper manufacturers) has not been shown to produce an incidence of paraesthesiae that would be greater than the background occurrence. It could be that methylmercury metabolism has reached a steady state in those groups of people. 75 Fetotoxicity has been demonstrated following the outbreak in Iraq. Exposure of pregnant women to methylmercury resulted in fetal abnormalities. The incidence of mental deficiency and cerebral palsy in infants was related to methylmercury absorption as and correlated with measures in hair of the mothers. 76 In a study of trace elements, brain mercury (Hg) in 14 AD patients was compared to brain Hg in 28 controls using INAA. Important elevations of Hg were shown in AD patients when bulk brain was investigated. 77 In a study of specific brain areas, a significant increase of Hg in the nucleus basalis of Meynert was reported in AD; however, no imbalance was found in the amygdala nor in the hippocampus. 78 Determination of Hg in hair and nails with INAA in 180 AD and control subjects showed no imbalance in hair levels and significantly decreased levels of Hg in nails of AD patients.
Brain damage due to Hg poisoning is limited to specific areas: the granule cells of the cerebellum and neurons in the visual cortex. Methylmercury has been shown to inhibit protein synthesis in the brain. Experimental work in rats has shown that cells from different parts of the brain are affected but recover except the cells in the identified target areas (reviewed by Clarkson). 80 The human brain is more susceptible to methylmercury poisoning during the early months of life, since methylmercury affects cell division and cell migration in the developing brain. 81 Apart from the reported imbalances in tissue levels of Hg in AD patients compared to normal subjects, there is no evidence to date that Hg is involved in the pathogenesis of AD. The clinical signs of Hg intoxication do not resemble those of AD, the brain regions involved in Hg poisoning are the same as those affected in AD, and no neuropathological changes characteristic of AD have been reported.
Zinc
It has been postulated by Burnet 82 that zinc (Zn) deficiency might be important in the pathogenesis of AD as well as other disorders such as epilepsy and schizophrenia through depression of DNA and RNA metabolism. Ehmann et al 77 found no difference between AD cases and controls in the Zn content of brain bulk samples from the cortex. However, the same group of workers found elevated levels of Zn in the amygdala. 78 Ward et al, 3 found decreased Zn levels in AD hippocampus and cerebral cortex. Markesbery and Ehmann, 83 in a pilot study using energy dispersion X-ray microprobe analysis with transmission or scanning electron microscope, have not observed high Zn concentrations in tangle-bearing or tangle-free neurons. Depressed serum levels in Zn have been reported in AD patients. 84 Elevated levels have been found in hair and nails by Vance et al using INAA. 79 A detailed review of the effects of Zn intake and metabolism on brain function in animal models was recently published by Wallwork. 84 The author examined the interrelationship between Zn intake and essential or toxic elements. Perinatal brain damage due to Zn deficiency is reported to be permanent. Neurochemical investigations have shown that Zn alters normal nucleic acid and protein synthesis including cytostructural protein and affects the metabolism of neurotransmitters (GABA and catecholamines).
In conclusion, there is some evidence, although very limited, that some of the metals mentioned above may be related to AD. Detailed epidemiological studies are required to substantiate the evidence based on a few case reports and animal studies. Two approaches could be considered: cohort studies of workers with a history of long term exposure to one of these metals, or casecontrol studies of AD in relation to past exposure to these substances. Differences in measured levels of these toxins in tissues of patients and of controls may reflect differential exposure or may indicate genetic or acquired differences in the ability to metabolize or detoxify the toxins.
NEUROTOXINS OF BIOLOGICAL ORIGIN
No association, to our knowledge, has been shown between neurotoxins of biological origin and AD. However, a number of amino acids have been suspected to be involved in other neurodegenerative disorders. A recent publication by Martyn 85 reports three types of intoxications in relation to eating habits in developing countries and to drug consumption. A variety of peas (Lathyrus sativa) found in Africa and in some parts of Asia, and consumed in large quantities during famine, has been associated with Lathyrism, a disorder of the corticospinal tract. The suspected neurotoxin is beta-N-oxalylamino-L-alanine. This amino acid fed to monkeys induces the same symptoms as those produced by ingestion of the pea. This substance belongs to a group of non-protein amino acids present in food and fungi. The toxin acts on specific membrane receptors, and the neurotoxic effect is due to repeated excitation of neurons.
Beta-N-methylamino-L-alanine produces in monkeys a syndrome similar to ALS and PD+D. This amino acid is present in cycad seeds (Cycas circinalis) which were consumed in large quantities, up until World War II, by Chamorros of Guam and Rota. First mention of the possible association between cycad seed consumption and ALS as well as PD+D was made in 1979 by Reed and Brody. 86 Another example of a specific neurotoxic effect is the development of parkinsonism in drug abusers who injected synthetic opiates contaminated with l-methyl-4-phenyll,2,3,6-tetrahydropyridine (MPTP), a substance active against dopaminergic neurons.
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An outbreak of illness following Prince Edward Island mussels consumption occurred in the fall in 1987. The syndrome was characterized by confusion and disorientation followed by depression of consciousness and seizures. In some of the patients surviving the acute episode, a residual syndrome developed consisting of anterograde memory deficits without global intellectual impairment, and clinical as well as electromyographic evidence of motor neuropathy. Histopathological examination of the brains of three patients dying as a result of the intoxication revealed bilateral lesions of the hippocampus and the amygdala. Patients over the age of 75 exhibited generalized intellectual impairment. Domoic acid has been identified as the neurotoxin responsible for the outbreak. It is a glutumate analog structurally similar to kainate, an excitatory amino acid. Kainic acid has been shown to produce similar effects to the mussels intoxication in animal models and to produce cell degeneration in the olfactory cortex, the amygdala and the hippocampus. Mechanisms of neurotoxicity are unknown, but domoic acid may affect pre-and post-synaptic binding sites and affect calcium uptake. In Finland, Soininen and Heinonen 89 in a study of the clinical aspects of AD in 63 AD patients and 91 controls found that the beta-globulin fraction of cerebrospinal fluid was reduced in electrophoresis in AD patients compared to controls. However, IgG and albumin levels in cerebrospinal fluid and serum were not significantly different.
Findings by Heston et al 90 in the families of AD cases have established the presence of lymphomas, lymphosarcomas, Hodgkin's disease and affection of the immune system. An increased occurrence of lymphoma was found in first degree relatives of cases with early onset dementia. No increased frequency of leukemia was found in first and second degree relatives of AD cases (3.1/1,000) when comparison was made with the expected rate (4.5/1,000). 91 In a study published by Bharucha and Schoenberg 92 no association was reported between AD and
potential immune disorders (e.g. lymphoma, leukemia, post-tonsillectomy) in 53 patients compared to 53 controls. Chandra et al 12 found no association between late onset AD and haematological malignancies in first degree relatives in a study of 64 cases with late onset AD (age >70 years) and 64 controls matched for age.
In an investigation of allergic conditions that may reflect an altered immune system (e.g. hay fever, food allergy, drug allergy, contact dermatitis) there was no significant odds ratio when cases were compared to age-sex-and race-matched controls. 10 In an Italian case-control study, immunologic factors were investigated in 153 cases and the same number of hospital and population controls. Allergic dermatitis was more frequent in AD than in hospital controls (OR=2.18, p=0.04). No significant OR was found for asthma, allergic rhinitis nor leukemia. 9 In Boston, no excess of hay fever or other kind of allergy was found in cases (n=98 men) or in their family as compared to controls (n=162) matched for sex, date of birth and town of residence and their family. 13 Initial findings of Heston et al 89 of increased frequency of lymphomas in relatives of AD patients have not been replicated in subsequent case-control studies.• 2.90,81 N 0 definite conclusion can be proposed concerning the association between AD and allergic conditions.
Studies of Cellular Immune Activity in Patients with AD
A Study of B-cell function revealed increased IgM in presenile AD. 93 On the other hand, IgA and IgG were not increased as compared to older controls in whom, however, the immunoglobulins (Ig) were elevated compared to younger normal controls. The Ig kappa/lambda ratio was also normal. In the same study, evaluation of serum electrophoresis indicated that Ig was not monoclonal. C3 complement function was unchanged. In the investigation of the possible association between AD and markers of the complement component C2 and C4 in the Calabrese family extensively studied by Foncin 92 the results were negative. Complement components C2 and C4 are associated with the major histocompatibility complex.
Early studies of autoimmunity in AD indicated that the presence of auto-antibodies was not an important feature in this disorder. Clinical signs of altered immunity could not be demonstrated, but the presence of brain auto-antibodies was not investigated. 94 Recently, antibodies specifically binding to rat brain tissue sections were demonstrated in sera from patients with AD. 95 In this study, sera from 30 AD patients were compared to sera from 65 controls. Brain antibodies were present in 57% of AD and 8% of other disease controls and were absent in normal controls. The control group included normal adults, normal aged individuals, and patients with Parkinson's disease, multiple sclerosis, Down Syndrome or schizophrenia. The high frequency of anti-brain antibodies in AD sera was not related to the ageing process, a finding only partly in accordance with previous work. The nature of the antigen has not been characterized.
The investigation of T-cell function showed a non significant decrease in percent and total T lymphocytes in presenile AD. 93 Using a pokeweed mitogen (PWM)-induced IgG secretion assay, T8-cell-mediated suppressor function was lower in senile dementia of the Alzheimer type as compared to age-matched controls. These changes may reflect changes of intrinsic lymphocyte properties or neural influences on lymphocytes. 96 DNA synthesis in lymphocytes from AD patients was reduced in response to phytohemagglutinin (PHA), PWM and OKT3 monoclonal antibody to T3 antigen. The reduction was significant for PHA and PWM when comparison was made with healthy age-matched controls. All subjects were non-institutionalized, they were not taking drugs and had no symptoms of infection at the time of blood sampling. Previous studies of DNA synthesis with radio-labelled nucleotides did not show any decrease among AD patients. 97 - 98 A possible explanation of the negative findings in the earlier studies may be that the cases were at different stages of the disease and that no record was kept of drug use of disease status of the subjects. No difference was found in the proportion of cells from AD patients staining positive for surface membrane orosomucoid, the glycoprotein inducing stimulation of human lymphocytes.
Agents responsible for immune disorders might be contributing factors in the genesis of AD. Such an hypothesis was proposed for the metal asbestos by Bianchi et al 99 who have described AD-type lesions in the brains of 10 cases of malignant pleural mesothelioma or asbestosis due to asbestos exposure in the shipbuilding industry. The immune status of persons with asbestos related disorders is thought to be disturbed. Asbestos could be responsible for hyperactive B-cell function and defective cell-mediated immunity. Yet, the preliminary findings published by Bianchi et al 99 need to be corroborated in subjects with a more thorough clinical investigation of the disease since none of the cases reported had had a clinical diagnosis of AD. Severe memory impairment among four cases and moderate memory loss in a further case were documented by relatives and had occurred during the last years before death. The assumption that these subjects were suffering from AD was based primarily on the neuropathological investigations showing the presence of SP in the neocortex in all cases and in the hippocampus of eight brains (although in very limited amount in four of them) and on the presence of NFT in seven cases. It would be of interest to determine the frequency of AD among cases of asbestos-related disorders as well as among asbestos workers, since to our knowledge, this has not been investigated. The studies summarized above have shown that a number of immune parameters are affected in presenile dementia and AD. This constitutes further evidence that immunological dysfunction might be involved in the pathogenesis of AD.
CONCLUSION
There is strong evidence at present for genetic factors to be involved in the pathogenesis of AD. The pattern of inheritance appears to be consistent with an autosomal dominant mode of transmission with incomplete penetrance. 100 According to a statistical model published by Mohs et al, 101 the risk of developing AD would reach 50% in first degree relatives of cases if they lived to 90 years of age. The absence of confirmatory data for such a model would be due to competing causes of death afflicting relatives of late onset AD cases or to the difficulty of making a differential diagnosis in the more elderly siblings of probands.
Transmission of altered genetic material could directly cause the development of AD, or alternatively could be responsible for an increased susceptibility to one or more etiological agents including neurotrophic viruses, neurotoxins or environmental chemicals.
A hypothesis can thus be formulated according to which exposure to environmental factors in genetically predisposed individuals would occur several years before the onset of the clinical manifestations of the disease. The agent(s) would specifically affect neurons in areas involved in AD (basal forebrain, associative neocortex) or neurons sending projections to these areas. A functional deficit would be latent for several years and would manifest itself as cell loss secondary to disease and ageing reaches a threshold. This hypothesis would be compatible with delayed or progressive cognitive deterioration that would occur subsequent to: i) a viral infection in early life, or ii) chronic exposure to biological neurotoxins naturally occurring in food or beverages consumed on a regular basis; or iii) exposure to neurotoxic metals increasingly prevalent in the environment and becoming more bioavailable in drinking water and in the food chain.
